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PROBLEM TO BE SOLVED: To improve the main surface roughness of a 
thin film on a specified order, without increasing the in-plane thickness 
variation and without changing the film thickness even if the thickness is 
below a specified value by heat- treating a semiconductor substrate in an 
active atmosphere at a specified temp. 

SOLUTION: A first semiconductor substrate 1 1 is bonded onto a second 
semiconductor substrate 1 2 at room temp., the bonded substrates 11,12 
are heat-treated at 400-600°C in an Ar atmosphere to divide into the first 
and second substrates at damaged regions 1 1b, a single crystal Si thin film 
1 3 is left at the bond face of the second substrate 1 2 and heat treated to 
tighten the chemical bond, the second substrate 12 with the film 13 is heat 
treated at 1 000-1 300°C in an H-atmosphere for 10min-5hr. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface treatment approach of the thin film semiconductor substrate characterized by the average surface 
roughness formed on the semi-conductor substrate (12) heat-treating said semi-conductor substrate (12) at the 
temperature of 1000-1300 degrees C in an activity ambient atmosphere for 10 minutes to 5 hours in the approach of 
processing the front face of the single crystal thin film (13) which is at least 0.2nm. 

[Claim 2] The surface treatment approach of a thin film semiconductor substrate according to claim 1 that a thin film 
(13) is a silicon thin film, an activity ambient atmosphere is a hydrogen ambient atmosphere, and heat treatment 
temperature is 1000-1300 degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface treatment approach of the thin film of the single crystal 

formed on the semi-conductor substrate. 

[0002] 

[Description of the Prior Art] A SOI substrate is mentioned as an example of representation of the semi-conductor 
substrate which has the thin film of a single crystal on a substrate. This SOI substrate has attracted attention as a future 
ultra-large scale integrated circuit (ULSI) substrate. SIMOX which carries out annealing treatment at an elevated 
temperature, forms a pad silicon oxidizing zone in the field of the predetermined depth from this silicon substrate 
surface, and makes an active region the Si layer by the side of that front face after pouring high-concentration oxygen 
ion into the interior of the approach of making a silicon thin film depositing on the substrate which has the approach, ** 
insulation substrate, or the insulating thin film which sticks ** silicon substrates on the manufacture approach of this 
SOI substrate through an insulator layer on a front face, and ** silicon substrate — there is law etc. Moreover, after 
performing hydrogen ion impregnation to the 1st semi-conductor substrate recently, this semi-conductor substrate is 
joined to another 2nd semi-conductor substrate used as a support substrate by making an ion-implantation side into a 
plane of composition, the 1st semi-conductor substrate is separated from the 2nd semi-conductor substrate in a hydrogen 
ion impregnation part, and the method of manufacturing the semi-conductor substrate which has a thin film on the front 
face of the 2nd semi-conductor substrate is proposed (JP,5-21 1 128, A). By this approach, if ion can be poured into 
homogeneity from a front face inside a semi-conductor substrate, the semi-conductor substrate which has the thin film 
of uniform thickness will be obtained. Moreover, if the oxidizing zone is beforehand prepared in the front face of the 
2nd semi-conductor substrate used as a support substrate, a SOI substrate can be manufactured by this approach. 
[0003] On the other hand, importance has been attached with the cleanliness on the front face of a wafer with high 
integration of a microelectronics device, and contraction of the device lower limit in recent years, the microscopic 
roughness (micro-roughness), i.e., the micro roughness, on the front face of a wafer. It is recognized that especially 
micro roughness has big effect on electrical properties, such as oxide-film pressure-proofing of a device, (.). (M. ULSI 
Science and Technology [ Morita, et al., "Effect of Si wafer surface micro-roughness on electrical properties of very- 
thin gate oxide films", and ]/1991, pp.400-408, Electrochem, and Society (1991)) In addition, micro roughness says the 
surface roughness of 1 -micrometer or less several nm order here. 

[0004] To the average of roughness height of an early silicon substrate surface being 0.1 nm or less, the average of 
roughness height of the thin film which consists in the front face of the 2nd semi-conductor substrate immediately after 
separating the 1st semi-conductor substrate by the approach shown in above-mentioned JP,5-21 1 128,A is 10 or more 
times of this average of roughness height, and its micro roughness is comparatively large and it has a possibility of 
having a bad influence on electrical properties, such as oxide-film pressure-proofing mentioned above. Since the 
configuration of the minute air bubbles accompanying heat treatment in the front face of the thin film formed 
[ especially ] of separation of the 1st semi-conductor substrate by this approach remains, micro roughness is large and is 
not suitable for production of a device. In order to solve this point, light polish called a touch polish (touch polishing) in 
the thin film front face on the 2nd semi-conductor substrate after separating the 1st semi-conductor substrate is given, 
and such surface roughness is made into the micro roughness of granularity extent on the early front face of a substrate 
(M. Bruel et al., "A Promising New SOI Material Technology" IEEE International SOI Conference proceedings, and 
pp.l78-179(1995)). 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the technique of the present touch polish was applied to 
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lOOnm or less of thickness numbeSW very thin thin films produced by the aBove-mentioned approach, flattening of the 
thin film front face could be carried out, but since there was dispersion in the amount of polishes in a field, there was 
fault to which the thickness distribution of a thin film becomes large. Since the thickness distribution of this thin film 
was large, when a device was produced using the thin film semiconductor substrate after polish, there was a trouble that 
the property of a device varied. The purpose of this invention is to offer the surface treatment approach of a thin film 
semiconductor substrate of improving the average surface roughness of a thin film for 0.1 nm order, without enlarging 
dispersion in the thickness within a field, without changing the thickness of a thin film, even if it is the very thin thin 
film of lOOnm or less of thickness numbers. 
[0006] 

[Means for Solving the Problem] It is the surface treatment approach of the thin film semiconductor substrate 
characterized by invention concerning claim 1 heat-treating the semi-conductor substrate 12 at the temperature of 1000- 
1300 degrees C in an activity ambient atmosphere for 10 minutes to 5 hours in the approach of processing the front face 
of the single crystal thin film 13 whose average surface roughness formed on the semi-conductor substrate 12 is at least 
0.2nm as shown in drawing.! (e). If a semi-conductor substrate is heat-treated on the above-mentioned conditions, the 
atom on the front face of a thin film on a substrate will be in an activity condition, and it will become easy to move it, 
and it will make average surface roughness of a thin film 0. lnm order. Invention concerning claim 2 is the surface 
treatment approach of a thin film semiconductor substrate that it is invention concerning claim 1, a thin film 13 is a 
silicon thin film, an activity ambient atmosphere is a hydrogen ambient atmosphere, and heat treatment temperature is 
1000-1300 degrees C. By heat-treating a silicon thin film in a hydrogen ambient atmosphere on the above-mentioned 
conditions, in addition to making surface roughness of a thin film small, the minute defect which exists in silicon can be 
reduced, and the concentration of the boron contained as a dopant in silicon can be controlled. 
[0007] 

[Embodiment of the Invention] As an activity ambient atmosphere at the time of heat treatment of this invention, 
although there are a hydrogen ambient atmosphere, a hydrochloric-acid ambient atmosphere, and fluoride carbon 
atmosphere, a hydrogen ambient atmosphere is desirable in respect of the ease of controlling of surface treatment. Under 
by the above-mentioned lower limit, the activity of the atom on the front face of a thin film has low heat treatment 
temperature at under the above-mentioned lower limit, and heat treatment time amount cannot make the surface 
roughness O.lnm order. Moreover, if heat treatment temperature exceeds the above-mentioned upper limit and heat 
treatment time amount exceeds the above-mentioned upper limit, etching by the active element will progress and a thin 
film front face will become coarse on the contrary from heat treatment before. 1 100-1200 degrees C of heat treatment 
temperature are [ claim 1 and claim 2 ] desirable, and heat treatment time amount has 1 - 2 desirable hours. 
[0008] Moreover, the processed material of this invention is a semi-conductor substrate which has on a substrate the 
single crystal thin film whose average surface roughness is at least 0.2nm. It is because surface roughness cannot be 
made small in the art of this invention by less than 0.2nm below at this value, as the example of such a semi-conductor 
substrate - SIMOX - after pouring high-concentration oxygen ion into the interior of a silicon substrate by law, the 
SOI substrate which carried out annealing treatment at the elevated temperature, and formed the pad silicon oxidizing 
zone in the field of the predetermined depth from this silicon substrate surface, the 2nd semi-conductor substrate which 
has a thin film immediately after separating the 1st semi-conductor substrate by the approach shown in JP,5-21 1 128,A 
are mentioned. 

[0009] This approach is explained using a drawing. As shown in drawing ! (a), after forming oxidizing-zone (SiO two- 
layer) 1 la in a substrate front face for the 1st semi-conductor substrate 1 1 of a silicon wafer by thermal oxidation, the 
ion implantation of the hydrogen ion is carried out to this substrate 1 1 with the dose of 2xl016-/cm2 - Ixl017-/cm2. 
1 lb is a damage field by hydrogen ion impregnation. Subsequently, as shown in drawing 1 (b), the 2nd semi-conductor 
substrate 12 which consists of the same silicon wafer as the above is prepared. As shown in drawing 1 (c), after washing 
both the substrates 1 1 and 12 by the RCA method, a substrate 1 1 is joined at a room temperature on a substrate 12. A 
substrate 12 acts as a support substrate. As shown in drawin g 1 (d), two joined substrates 1 1 and 12 are first-heat-treated 
at 400-600 degrees C among an argon ambient atmosphere. This breaks in the place whose substrate 1 1 is damage field 
1 lb, and it dissociates from a substrate 12. In the plane of composition of a substrate 12, the single-crystal-silicon thin 
film 13 remains. The average surface roughness of the silicon thin film 13 after [ this ] first-heat-treating is about lOnm. 
As shown in drawing 1 (e), the 2nd order is heat-treated at about 1 100 degrees C after separation and among an argon 
ambient atmosphere, and the chemical bond of a silicon thin film is strengthened. As shown in drawing 1 (f), the 
substrate 12 which has a thin film 13 is heat-treated the 3rd order in 10 minutes - 5 hours in a 1000-1 3 00-degree C 
temperature requirement in a hydrogen ambient atmosphere. The thickness of the silicon thin film 13 and its distribution 
do not change by this heat treatment, but average surface roughness serves as O.lnm order. Moreover, heat treatment in 
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the hydrogen ambient atmosphere Imhe 3rd above-mentioned heat treatment where it is the same after primary heat 
treatment as an option may be performed. In this case, the same effectiveness (increment in lamination reinforcement) 
as the above-mentioned second heat treatment can also be acquired with flattening on the front face of silicon. 
[0010] 

[Example] Next, the example of this invention is explained with the example of a comparison. 
The 1st silicon wafer with a <example 1> thickness of 625 micrometers was oxidized thermally, and the thermal 
oxidation film with a thickness of 500nm was formed in the front face. The hydrogen ion was poured into this silicon 
wafer in 120keV(s) and 5xl016/cm2 of doses. The 1st silicon wafer was joined to the 2nd silicon wafer by using the 
same 2nd silicon wafer as the above before thermal oxidation as a support substrate. Both wafers were washed by the 
RCA method before junction. Both the joined wafers were heat-treated at 600 degrees C. The 1st silicon wafer broke in 
the part which carried out the ion implantation in the interior of a wafer according to the rearrangement of the crystal in 
the 1st silicon wafer, and a pressure operation of minute air bubbles, this heat treatment separated, and the SOI substrate 
which has a silicon thin film with a thickness of 500nm on the 2nd silicon wafer was obtained. Dispersion within the 
wafer side of the thin film at this time was **3nm. Moreover, surface average-of-roughness-height Ra was lOnm as a 
result of measuring with an atomic force microscope (AFM). The surface roughness of the thin film by this AFM is 
shown in drawing 2 . The 2nd silicon wafer with this silicon thin film was heat-treated at 1 100 degrees C among the 
hydrogen ambient atmosphere for 3 hours. The thickness of the thin film after heat treatment was not different from 
500**3nm in the wafer side, and surface average-of-roughness-height Ra was O.lnm as a result of measuring by AFM. 
This value was the same level as [ of an early silicon wafer ] surface roughness. This surface roughness is shown in 
drawing 3 . 

[001 1] The 2nd silicon wafer with a silicon thin film produced like the <example 2> example 1 was heat-treated at 1200 
degrees C among the hydrogen ambient atmosphere for 2 hours. The thickness of the thin film after heat treatment was 
not different from 500**3nm in the wafer side, and surface average-of-roughness-height Ra was 0.1 2nm as a result of 
measuring by AFM. This surface roughness is shown in drawing 4 . 

[0012] The touch polish of the 2nd silicon wafer with a silicon thin film produced like the <example 1 of comparison> 
example 1 was carried out. Although average surface roughness Ra of the thin film at this time has been improved by 
0.1 5nm, the thickness of a thin film worsened with 480**7nm in the wafer side. 

[0013] The 2nd silicon wafer with a silicon thin film produced like the <example 2 of comparison> example 1 was heat- 
treated at 1350 degrees C among the hydrogen ambient atmosphere for 1 hour. As a result of a silicon thin film's being 
etched by heat treatment from hydrogen, and the thickness of a thin film worsening with 100**8nm in a wafer side and 
also measuring surface average-of-roughness-height Ra by AFM, it was getting worse from 5nm and examples 1 and 2. 
[0014] The 2nd silicon wafer with a silicon thin film produced like the <example 3 of comparison> example 1 was heat- 
treated at 900 degrees C among the hydrogen ambient atmosphere for 5 hours. It was changeless to the thickness, its 
field internal division cloth, and surface roughness of a thin film. 
[0015] 

[Effect of the Invention] By heat-treating the semi-conductor substrate which has the single crystal thin film whose 
average surface roughness is at least 0.2nm at the temperature of 1000-1300 degrees C in an activity ambient 
atmosphere for 10 minutes to 5 hours according to this invention, as stated above The average surface roughness of a 
thin film can be improved for O.lnm order, without enlarging dispersion in the thickness within a field, without 
changing the thickness of a thin film, even if it is the very thin thin film of lOOnm or less of thickness numbers. 
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[Drawing 2] 
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